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the  Absorption  of  Iron  and  Iron  Oxide  In  the  Soft  X-Bay  Paglon 


X<,  Introduction 

In  the  procsss  of  x-ray  absorption  by  solids  tbs  energy  of  tbs  light 
qoaatna  y is  ussd  to  raiss  an  slsotroa  from  its  initial  energy  stats  into 
anotbsr  stats  which  is  both  permit  tod  and  empty*  Tbs  probability  that  an 
sli»ctron  will  absorb  tbs  energy  of  an  in  coal quantum  and  ho  raised  to  % 
neaat  strts  of  energy  £ la  proportional  to  tbs  density  of  permitted  states  with 
energy  near  2*  This  quantity  is  usually  culled  8(a) „ Tbs  ultimate  50*1  of  aost 
absorption  measurements  is  to  furnish  information  which  nay  aid  in  the  eventual 
determination  of  V{1)  for  the  substance  under  study « 

Tbs  soft  x-ray  region  (or  tbs  extreme  vacuus  ultraviolet)  is  suitable 
for  this  work  because  tbs  electrons  involved  are  lifted  into  tbs  outer  bands 
from  initial  levels  which  are  sufficiently  narrow  that  their  width  may  be 
ignored,,  At  the  same  time  the  total  onsrgy  involved  in  the  transition  is 
considerably  less  than  100  times  the  width  of  tho  upper  energy  hand0  Tor  this 
reason  the  spectrometer  need  not  havo  unusually  high  resolving  power 0 

IX  , Saps  ri mental  Procedure 

figure  1 is  a simplified  diagram  of  the  equipment,  The  Bctrl&nd  circle 
is  one  aster  la  radius,  The  plate  holder  follows  the  el  role  and  the  oirola  also 
passes  through  the  slit*  The  grating  of  30„000  lines  per  inch  ie  tangent  to  the 
Howland  circle,  The  ai«le  of  ins  ids  nee  ie  8^,  The  eouree  need  for  this  work 
was  a vacuum  spark  batweaa  copper  electrodes  operated  from  a 50-k?  power  supply. 
The  equipment  la  essentially  the  earns  as  that  used  by  Skinner  and  Johnston*  and 


1 E.V,B0  Skinner  end  J„  So  Johnston c Free,  Boy,  8oc»  (London)  A % 1„  430  (1937) 
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by  Senner  » Wavelengths  were  determined  fro  n knovn  llne-s  in  thr  copper  tpeotrum, 

2 H»  Banner o 2,  Physik  24,  523  <1935? 

3 P.  0.  Kruger  end  F„  3,  Cooper,  Phys*  Rev,  44,  826  (1933) 

The  absorber  «#a»  mounted  on  a small  metal  plate  with  a hole  in  lt0  and 
this  plate  was  located  just  behind  the  el  it. 

The  absorber  consisted  of  a thin  foil  of  the  sample  supported  on 
celluloid.  Iron  foils  mere  prepared  by  evaporation  in  vacuum;  these  upon 
closure  to  air  became  iron  oxide  samples.  Iron  oxide  prepared  in  this  way  is 
generally  believed  to  bs  In  order  to  obtain  the  absorption  due  to  the 

sample  it  it  sufficient  to  compare  the  transmission  through  two  absorbers 0 one 
bare  celluloid  and  the  other  celluloid  coated  with  the  sample.  The  two  piece* 
of  eellalold  were  taken  from  the  earn#  floatlig  to  that  the  celluloid  films  would 
be  as  identical  aa  possible. 

The  smrfhoe  deed  ty  of  the  sample  In  nlerograme  per  square  centimeter 
was  deter  mined  by  weighing*  Inch  individual  sample  was  not  wsighsd0  but  samples 
of  iron  oxide  prepared  sa  microscope  slide  cover  glasses  were  oarefblly  weighed. 
The  optical  density  of  these  weighed  fllae  was  dstermlned  on  an  lose — Sweet 
densitometer,  A plot  was  than  made  giving  surface  density  versus  optloal 
density,  for  the  foils  actually  used,  the  optical  density  was  measured  and 
converted  to  surface  density  by  maacs  of  this  graph, 

T'ne  quantity  0 f aasjpla  to  bs  valued  was  about  one  milligram.  To 
obtain  an  accuracy  of  a per  cent  the  weighings  must  bs  accurate  to  a few  micro* 
grama.  In  order  to  obtain  this  accuracy  the  aatbode  established  and  recommended 
by  the  aaalytlo  ohaalsta  were  followed  cars  fully* 

Since  the  weighing  and  optical  density  measurement-  were  made  in  air 
they  determine  the  surface  density  of  iron  oxide.  To  determine  the  surface 
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deasity  of  iron  before  oxidation  the  result*  oust  he  multiplied  by  the  ratio 
112/l6o  which  Is  the  fraotlon  by  weight  of  Iron  is  Iron  oxide? 

Assuring  that  the  density  of  the  Iron  or  Iron  oxide  in  the  thin  foil 
was  the  sane  as  Its  density  la  hulk?  then  the  thickness  eea  he  calculated  fron 
tbs  surface  density? 

The  thickness  nay  also  be  as  a eared  directly  by  interferons  trie  means, 

456 

The  techniques  for  this  are  well  established  eyo  and  need  not  be  reviewed  here, 

4 0unno  A.  7,  and  Seott9  R„  A?,  future  158  , 621  (1946) 

5 Tolaneky?  S?0  7roc„  Boy,  Soc,  ^g4#  4l  (1945) 

6 9olaMky»  S, , Proc,  Boy,  Soc,  186,  26l  (1946) 

This  direct  neasurement  differed  fron  the  previous  Indirect  determination  by 
lues  than  which  is  at  least  as  good  as  could  be  expected,  there  lse  there- 
fore „ no  reason  to  believe  that  the  density  of  Iron  oxide  in  the  flla  differs 
fron  the  bulk  density?  As  a result  of  this  comparison  w*  were  content  to 
determine  the  thickness  of  the  sample  e ty  the  optical  density  method? 

The  iron  sanple  had  to  be  protected  fron  the  oxldlslag  effects  of  the 
atmosphere  at  all  tinea.  In  order  to  transfer  it  fron  the  evaporator  In  which 
It  we  prepared  to  the  vacuum  spectrograph  la  which  the  absorption  was  measured, 
a • pedal  vacuum  tight  container  was  cone  trusted?  Using  the  vacuum  container 
it  was  possible  to  transfer  the  aanple  la  leas  than  tan  minutes,  daring  which 
tin*  the  Iron  oxidised  to  a depth  of  less  than  10  Angstroms,  Oee#  the  tamp!* 
was  in  the  Taouan  spectrograph  the  oxidation  ntsmi  too  snail  to  be  measured? 
Sine*  most  of  t!»  samples  were  fSoa  400  A to  500  A thick  the  oxidation  of  both 
sides  would  not  convert  as  much  as  5$  of  the  Iron  to  Iron  oxide? 

The  photographic  exposure  was  determined  by  counting  the  nueber  cf 
sparks  produced  by  the  s?n*ee,  and  In  a normal  run  four  exposure*  vero  made  on 


the  saae  photographic  plate*  thraa  of  these  vara  aa.do  through  tha  plain  csllu- 
loid  fils  with  tha  number  of  sputa  in  tha  ratio  of  4e2*l,  Tha  fourth  exposure 
vss  aada  through  tha  fil*  bearing  tha  saaple  and  usually  aada  vith  tvieo  tha 
masher  of  sp&rfce  aa  tha  longest  expo tar*  through  tha  plain  celluloid*  topical 
oxposom  vara  ^XX)U  IJOO*  and  790  aparka  through  tha  plain  filn  and  6000  spark  a 
through  tha  sanplae  Tha  spark  vns  opsratad  at  constant  voltage  and  aa  nearly 
as  possihls  at  a constant  sparicing  rats  of  one  par  second  Tha  plats  vas 
developed  vith  good  agitation  so  that  all  four  exposures  racaivsd  identical 
processing*  Densitometer  traoas  vara  than  nada  free  thasa  spaotra  and  asaaurad 
in  tha  usual  Banner c Kodak  8*  W.  B0  plates  vara  used* 

Tha  first  tbrse  sxposurss  vara  used  to  datansina  tha  raapoasa  curve 
of  tha  photographic  eaalsioa.  At  «Mh  vavsleogth  thtire  are  throe  pointa  on  tha 
curve.  hut  tha  exposures  are  relative 0 not  absolute.  Ueiag  different  vavalangths 
■any  such  seta  of  points  can  ho  obtained*  and  these  vara  fitted  into  n saooth 
response  ourva  by  aatohing  exposures  at  overlapping  densities*  finally  tha 
absorption  is  determined  by  coopering  tha  fourth  exposure  vith  one  of  tha  other 
three  using  this  response  curve* 

IS.  Basalts  and  Interpretation 

Tha  results  of  these  investigations  arc  shown  in  figures  2 and  3. 

The  data  for  these  curves  vara  taken  from  tha  plates  which  shewed  the  bast 
internal  consistency  along  vith  tha  absence  of  air  lines  in  tha  spectres*  The 
ordinates  are  indicated  as  ]n(I0/l)  where  ie  tha  ratio  of  the  inoidont 
to  tha  tronsaitted  intensity.  Accept  for  the  affects  of  roflsotion  and  scatter- 
ing this  would  be  the  sane  as  n x (absorption  eoaffioiont  tisae  thiokness)  , 
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According  to  &xfei*vs  , who  daterained  the  reflectivity  of  Iron  in  tha  vaeuun 

7 Sabine.  a.  Phya.  Bev6  55,  1064  (1939) 

ultraviolet,,  tha  loaaaa  dot  to  raflaetloa  ■ ho  old  bo  alaoat  negligible,,  fha 
loaees  doa  to  scattering  ahould  ba  alaoat  constant  over  tha  wavelength  region 
used.,  Tha  curves  than  ahould  giro  a good  indication  of  tha  esle&tlve  absorption 
in  thia  r agio n0 

The  results  for  iron  are  ahovn  in  fignra  2.  These  wars  obtained  fraa 

a fila  220  Aagetroae  thick  (having  a aurfaoa  density  of  17«7  aicrograna  par 

square  centiliter),,  Thia  curve  has  an  absorption  bond  which  reaches  half 

environ  at  22$  A or  54„9  alaotroa  volte0  Tha  width  of  tha  abaorption  band  at 

half  aaxlnun  ia  25  A or  608  or  Thar  are  two  peaks,,  one  at  216  A0  tha  othar 

at  210  A0  a separation  of  6a  or  lc7  ev„ 

Va  believe  that  the  abaorption  ia  due  to  tha  transition  of  oleetrons 

fro  a tha  filled  ML  _ level  of  iron  into  the  vacancies  in  the  1^  _ and  H bands,. 

*0  1 

These  last  two  bands  are  tha  nearest  bands  to  which  transitions  are  permitted 

bp  the  select  ion  rales  and  which  ars  also  unfilled,,  On  tha  baaia  of  this 

assignment  it  is  possible  to  prediet  tha  position  of  the  absorption  edge  fson 

8 

data  given  in  tha  International  Critical  Tables  on  the  Uniting  frequencies  of 

8 International  Critical  Tables,  vol  YX „ page  35  (l$2$) 

x-njr  lines  or  from  tha  tarn  values  of  the  x-r ay  energy  levels  given  by  Bohr 
and  Coster^  in  their  table  a.  Theea  two  sources  predict  the  edge  at  218  A and 

9 Sohr0  *.  and  Goiter,  D„  Zelts0  f»  Phys„  12 „ 3*£  (1923) 

228  A respect iv sly o This  oonparee  favorably  with  the  observed  value  of  2oc  % 
The  theoretical  separation  of  the  M,  ^ levels  nay  ba  calculated 
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froM  the  following  formula 


10 


10  Shark  and  Urey,  Atoms,  Holeculss  and  Quanta,  p 256 „ MeGr*w-Hin  (1930; 


«*rM, 

K 


alf 

3Z  3* 


where  2 1*  atomic  number „ OC  la  fine  structure  constant  „ B la  the  Rydberg 
oocetanto  and  cL  1*  the  screening  constant  for  Mg^  levels,  This  formula  gives 
103  Tolte  to  compare  with  our  experimental  value  of  1„7  volts,  Since  thla 
agreement  la  comparable  to  that  usually  obtained  from  thla  formula  we  believe 
that  the  observed  doubling  of  the  absorption  peak  la  due  to  the  doublet 
structure  of  the  Hgj  level, 

the  results  for  iron  oxide  are  ahowa  in  figure  3,  These  result  a were 
cbtalned  from  a file  having  14,5  micrograms  of  the  oxide  par  square  oentlmcter, 
or  a thickness  of  280  A,  The  iron  oxide  curve  is  similar  to  the  curve  for  iron, 
but  there  are  a few  definite  differences,,  The  peaks  are  at  216  and  211  A,  a 
separation  of  5A„  inataad  of  the  observed  with  irons  thla  dlffsrones  is 
probably  exparlaantal  error,  7 ho  naan  abaoiptlon  edge  for  the  oxide  le  at 
218  A or  5606  electron  volts  and  the  width  of  the  band  at  half  maximum  le  10  A 
or  2 9 r,  Thus  the  oxide  has  Us  absorption  edge  at  shorter  wavelengths  than 
the  iron  and  also  a narrower  band.  These  affects  are  too  largo  to  be  experimental 
error, 

V#  bellsVe  that  ws  are  dealing  with  the  sane  electronic  transitions 
in  the  oxide  ae  were  effective  in  the  natal,  Specifically „ these  are  transitions 
from  the  M_  _ (or  3n)  level#  of  the  iron  atoms  to  the  it,  (or  3d)  and  the  I, 

z03  “ °y 

(or  4s)  levels,  Ttm  high  narrow  absorption  peaks  are  due  to  transitions  to  the 

**4„5  leTelto 


o 

tO 
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Oovter  and  Kiestra^  have  studied  tha  X absorption  cf  iron  and  Its 

11  Coster*  0.  and  Xieetra,  8.  Phyulca  jjts  175  (151*8) 

oxides*  Although  tbalr  results  cannot  bo  compared  directly  with  our  s 0 since 
they  vara  dealing  with  different  alaatroaic  transitions*  It  ia  intereatirg  te 
not  a that  their  eurve  for  tha  oxide  ia  Quit#  alallar  in  general  shape  to  the 
one  for  tha  aatal0 

Tha  absorption  edge  of  tha  oxide  ia  at  56,6  e*Vo  whereas  tha  pure 

natal  has  ita  edge  at  5**<>9  a»w<>a  a change  of  1*7  e„w.  In  thair  wort  on  tha  l 

edge  of  theee  aubataneee  Coster  and  Kleetra  observed  a ainilar  bat  larger  shift* 
12 

Das  Oopta  e also*  atudiad  the  I absorption  adgaa  of  a nuabar  of  wtala  and 

12  Dha  QapUo  X*  In*.  Phys*  &„  226  (1946) 

thair  oxide ao  Sa  observed  that  in  every  oaaa  tha  edge  was  at  higher  energy  for 
the  oxida  than  for  tha  natal* 

Tha  observation  that  tha  absorption  bands  are  narrower  for  tha  oxide 

than  for  tha  iron  is  in  keeping  with  tha  Vjod  theory  of  solids*  According  to 

this  picture  tha  valeneo  levels  are  broadened  into  bands  by  the  interaction 

of  each  iron  atoa  with  ice  neighbors*  tha  band  width  increasing  as  the  atoms  are 

brought  closer  together « In  tha  oxida  tha  iron  atone  (or  ions)  are  aore  widely 

13 

separated  than  la  tha  natal  and,  hence*  tha  bands  art  narrower*  Das  Gupta 

13  SM  Ooptso  X.  Znd*  J.  Phys.  129  (1947) 


has  nads  an  sxtonelve  study  of  this  effect  In  natal  ic  chlorides  and  show  that 
the  oatarnost  1 avals  associated,  with  a given  ion  are  broadened  tha  no  at  whan 
tha  overlap  of  tho  wave  functions  of  tha  electrons  of  these  levels  with  those 
of  tha  sane  type  ion  ia  tha  greatest* 
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It  appears  that  the  results  fbr  the  M 7 absorption  of  iron  and 
iron  oxide  a*  given  in  this  report  are  aoneiatent  with  the  results  of 
related  experiments. 
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